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Introduction

1
As for the recent years, use of ergogenic aid has gained wide currency among the athletes with the aim of increasing the performance and attaining success in an easier manner [1] [2] [3] . Ergogenic aids, which contribute to the increase of training and match performance and are not considered as doping, are nutritional supplements [4] . In this sense, one of these ergogenic aids is pre-workouts which increase the performance, training adaptation, energy-production/use of athletes as well as support the recovery [2, 5] .
Pre-workout nutritional supplements which attract the attention of many athletes by virtue of its being a legal ergogenic aid are used by aerobic and anaerobic branch athletes due to their potential ergogenic effects [6] . Producers of multi-ingredient pre-workouts generally claim that their products enhance the performance of athletes and reduce the fatigue sensation during the exercise. These products characteristically include a combination of many ingredients (30+) and generally contain stimulants (e.g. caffeine), energy-producing factors (e.g. creatinee), agents which act as hydrogen ion buffers (e.g. beta alanine), protein recovery nutrients (e.g. amino acids), antioxidants as well as nitric oxide precursors (e.g. arginine) [7] .
When the literature concerning this aspect is examined, it is observed that there are studies with respect to the effect of pre-workout nutritional supplement on athlete's aerobic and anaerobic performances [5, 8 -11] . To illustrate, Martinez et al. [9] investigated the acute effects of caffeine-containing pre-workout nutritional supplement on anaerobic power for men who work out recreationally, and reported that these supplements lead to significant improvements in the values of anaerobic peak power and mean power. In a similar study, Jagim et al. [10] examined the effects of multi-ingredient pre-workout ingestion on strength performance, lower body power and anaerobic capacity in resistance trained collegeaged men, and concluded that this supplement improved the mean power in anaerobic running capacity test. Furthermore, Smith et al. [8] examined the effect of using pre-workout, which contains caffeine, creatine and amino acid, together with high-intensity exercises on the aerobic and anaerobic performance in moderately-trained men and reported that there were improvements with regard to VO2 max values of the participants. Cameron et al. [5] found that as a result of their studies which examine the acute effect of multi-ingredient pre-workout supplement on resting energy expenditure and exercise performance of recreationally active women, pre-workout supplement improves diastolic blood pressure, resting metabolism, upper body muscular strength and anaerobic capacity.
Furthermore, the integration of nutritional supplements into researches by means of realistic exercise training protocols will allow for sportive practical uses. Particularly, intermittent running trainings, which are practicable for team sports based on repeated bouts of short sprints such as football, basketball, hockey and soccer as well as practicable for team sports based on active recovery periods, are sensitive to additional nutritional supplements which are designed to delay fatigue resulting from considerably extensive training [8] .
Although there are studies examining the acute [5, 10, 12] and chronic [8, 9] effects of the use of pre-workout nutritional supplements, it is observed that these studies are mostly performed on individuals who perform sports individually and in a recreative manner. Furthermore, it is observed that there is a limited number of studies which examines the effect of these supplements on performance in team sports which include intermittent running and is bound up with aerobic and anaerobic systems. Accordingly, the purpose of this study is to investigate the acute effect of pre-workout nutritional supplementation on aerobic and anaerobic performance in basketball players. Furthermore, they were informed about the objective and significance of the study as wells as the benefits and risk of the nutritional supplement to be consumed; moreover, their voluntary participation was ensured. For this study, ethical approval (numbered 16214662/050.01.04/70) was received from Sakarya University Department of Medical Research Ethical Committee.
Material and methods
Research Design
In this study, double-blind placebo-controlled crossover method was used. Aerobic and anaerobic tests were performed on the participants on 4 separate measurement dates which had 48 hours interval among each other. As for the 1 st measurement day, CMJ and RAST tests were performed on the placebo and pre-workout groups. As to 2 nd measurement day, the same tests were repeated by replacing placebo and pre-workout groups. Concerning 3 rd day, Yo-Yo IRL1 test was performed. With regard to 4 th day, Yo-Yo IRL1 test was repeated by replacing placebo and pre-workout groups ( Figure 1) . A dietary control was performed on the athletes 3 hours prior before the measurements, and they were demanded not to consume caffeine during this study. Additionally, pre-workout and placebo products were given to athletes by independent nutrition expert one hour before the tests. The athletes were demanded to maintain their current training program during the study. Besides, the athletes were also instructed to refrain from doing any compelling physical activity other than their own training. Before the tests, the athletes were informed about the test protocols and a demonstration regarding these tests was performed. Moreover, athletes completed a 10-minute standard warm-up procedure consisting of low intensity running, dynamic stretching of the lower body and vertical jump exercises before each test.
Measurements and Tests
Body weights of the athletes were measured by "Tanita Segmental Body Composition Monitor InnerScan BC-545N -Japan"; on the other hand, height measurements (Seca 213 Germany) were measured with 1 mm precision portable stadiometer. Furthermore, their body-mass indexes were calculated with the formula Bodyweight / height2 (m). In CMJ test, leg lengths of the athletes were measured and standardized in accordance with CMJ test. Besides, CMJ and RAST were used to measure anaerobic performance of the athletes; additionally, YoYo IRL1 test was used to measure aerobic performance. The mentioned measurements were performed within 4 days at 48-hour intervals and they were realized during the same training hours at Sakarya University Faculty of Sports Sciences Indoor Sports Facility. The same dietary control was performed on the athletes 3 hours before the measurements.
Running-Based Anaerobic Sprint (RAST) Test
The Running-Based Anaerobic Sprint Test (RAST), which was developed by Draper and Whyte at the University of Wolverhampton in the United Kingdom in 1997, is a test protocol designed to measure anaerobic power and capacity [13] . The test includes 6 sprints over a distance of 35 meters with an active resting time of 10 seconds for each sprint. In this sense, after the participants were informed about the test, a specific 10-minutes warmup protocol was performed. Moreover, photocell (SE-100 Chronometer) was used during the tests. Within the scope of the RAST test; relative peak power, relative average power as well as fatigue index data were collected in an indirect way.
Countermovement Jump Test
Jump performance (explosive power) has a significant role in the branches in which aerobic or/and anaerobic energy systems are used [14] . In this study, My Jump 2 application (app), which was accessed via the iPhone Apple Store, was used to measure the vertical jump performance (ICC = 0.97-0.99) [14] . The My Jump 2 app has been developed to calculate the jump height from flight time using the high-speed video recording feature via iPhone 6S [15] . Each participant was allowed to jump for three times and their best scores were recorded.
Yoyo Intermittent Recovery Test 1
The Yo-Yo IRL1 test consists of 2 * 20-meter shuttle runs that are repeated with incremental speed increases controlled by commands from a laptop audio file between the start, rotation and termination lines. Each interval between the shuttle runs includes an active recovery time of 10 seconds in which the athletes walk or jog in a 2 * 5-meter area. If the athletes fail to reach the finish line for two times, the test is terminated and the total distance covered by the athlete is recorded as a test result. In this framework, the total duration of the test was 6-20 minutes [16, 17] . VO2max was measured indirectly from the YoYo test.
Supplement Consumption
In this study, double-blind placebo-controlled crossover was used. Moreover, the pre-workout group was given 17 gram of BigJoy Predator (Forest Fruity, 510 gr) by mixing it with 250 ml of organic fruit juice which has the same aroma with pre-workout product. As for the placebo group, they only received 250 ml of unmixed fruit juice with the same aroma as the pre-workout. The contents of the pre-workout product used in the study are shown in Figure 2 .
Dietary control
Participants were selected from healthy athletes who had not received any ergogenic dietary supplement for 6 months before the measurements. Participants were demanded not to take alcohol, caffeine, or any other drugs within 48 hours prior to the measurements. Moreover, participants were asked not to change their dietary habits during the study period. However, the foods to be consumed on the measurement days were determined. Furthermore, all participants consumed the same food 3 hours before each measurement. Meal contents were prepared in accordance with the principle of a balanced diet, which includes various energy sources and macronutrients [18] . The contents of each meal -totally four meals-which were consumed before measurement were similar. 
Results
The age average of basketball players participating in the research was determined as 22.00 ± 1.70; additionally, the mean height was 1.83 ± 0.07, the mean body weight was 85.15 ± 10.78, the body mass index average was Isoleucine 500mg
Bigjoy Predator
Valine 500mg
Arginine(AKG) 3000mg
Beta Alanine 2800mg
Creatinee Monohydrate 1500mg
Citruline 1000mg
Taurine 800mg
Caffeine 210mg
Tyrosine 200mg
Guarana Extract (Paulina Cupana) 50mg
Citrus Extract (Citrus Aurantium) 50mg
Ginseng ( 25.32 ± 3.10 and ultimately the mean of the leg length was 104 , 75 ± 5.48. In examining the difference among the athletic performance variables of basketball players, while there was a difference among the values of CMJ, Relative Peak Power and Relative Average Power, it was observed that there was no difference between the values of fatigue and VO2max (p<0.05).
Discussion
The aim of this study is to examine the effect of preworkout use on aerobic and anaerobic performance for basketball players. According to the results of this study, it was observed that pre-workout supplement consumption had a positive effect on the test results which measured anaerobic performance of the basketball players but had no positive effect on aerobic performance. When relevant studies in this subject are examined, it is observed that these studies support the anaerobic performance results of this study. For instance; Cameron et al. [5] used CMJ testing to measure anaerobic performance in their study with respect to the acute effect of a multi-ingredient preworkout supplement on exercise in recreationally active females. As a result, they reported that the multi-ingredient pre-workout supplement had a positive effect on anaerobic performance. As for another similar study, Kreamer et al. [19] investigated the effect of multi-ingredient nutritional supplementation on exercise performance and hormonal responses concerning 9 healthy males; and reported that multi-ingredient nutritional supplementation improved vertical jump test results which is an indicator of anaerobic performance. In contrast to these studies, Dawes et al. [20] found no significant difference with regard to anaerobic power in their studies which examine the effect of preworkout energy drink on physical performance of 41 healthy males. However, it was determined that there was difference between the values of relative average power and relative peak power which were obtained by means of RAST Test. Besides, the reason why anaerobic power results found by Dawes and his colleagues diverge from the results of this study and other cited studies is thought to be resulted from the sample group that has less training background. Furthermore, Gonzales et al. [6] studied the effects of pre-workout supplement on multi-joint endurance exercise regarding eight athletes with a mean 5-year endurance training history. Consequently, they concluded that pre-workout supplementation significantly increased mean and peak power values. Similarly, within the scope of their studies which examines the effect of multi-ingredient pre-workout on strength performance, lower body strength and anaerobic capacity of collegeaged individuals with endurance training background, Jagim et al. [10] found that mean power values which are calculated indirectly from the maximum force test of athletes using pre-workout were high.
It is observed that different results have been obtained in the studies which examine the chronic effects of the use of pre-workout derivative supplement on aerobic (VO2 max ) and anaerobic performances of athletes. For example, Urbina et al. [21] found no significant difference with respect to the effect of 6-week pre-workout nutritional supplementation and post-training protein ingestion on the VO2 max values of individuals who do crossfit. On the other hand, Smith et al. [8] examined the effect of the use of high-intensity interval training together with pre-workout containing caffeine, creatine and amino acid for 3 weeks on aerobic and anaerobic performance of moderatelytrained males and concluded that there was improvement with regard to VO2 max in their research. Additionally, In consequence of their studies which examine the effect of the combination of pre-workout nutritional supplements and 3-week high-intensity interval training on critical speed, anaerobic running capacity, training volume and body composition with regard to men and women (25 well-trained recreational athletes), Smith et al. [22] showed that VO2 max increased with the rate of %10.5. It is evaluated that the scope and intensity of the applied training programs can be influential with respect to the fact that study results dealing with the chronic effects of pre-workout differ.
Conclusion
The acute effects of pre-workout supplement on anaerobic and aerobic performance of basketball players were examined in this study. It was determined that CMJ test and RAST test values which are anaerobic capacity indicators of the athletes using pre-workout supplement were higher. However, there were no differences between the fatigue index obtained from RAST test and VO2 max values which were indirectly obtained from the aerobic capacity test.
